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57) . ABSTRACT 
An actuator of the type having a limit switch for setting 
the range through which the actuator's output element 
moves, has a first element fixed to the output element 
and a second element carrying an actuation element for 
tripping the limit switch. Tripping the limit switch dur 
ing movement of the output element stops movement at 
that position. A detent mechanism shared by the first 
and second elements maintains the current position 
between the first and second elements until force is 
applied to the second element to overcome the resisting 
detent force and shift the second element relative to the 
first element. By so shifting the second element, the 
position of the actuator's output element is changed to 
thereby change the position of the output element at 
which the limit switch is tripped and thereby the range 
of motion for the output element. The invention in 
volves scales applied to both the first and second ele 
ments to indicate their position relative to each other 
and thereby indicate the allowed range of motion for 
the output element. The scales are arranged such that 
the sum of the values for juxtaposed graduations equals 
the currently selected range of motion for the output 
element. 

17 Claims, 2 Drawing Sheets 
  



5,233,883 Sheet 1 of 2 Aug. 10, 1993 U.S. Patent 

Fig. 1 

  



U.S. Patent Aug. 10, 1993 Sheet 2 of 2 5,233,883 

POSTION 
SIGNAL 

d 45 Fig. 2 
35 1O 

56 28 47 

O 29 18 10 

20 40 so BO 100 1207 
32 1O 59 51 5 17 

Fig. 3 

  



5,233,883 
1. 

MECHANCAL ACTUATOR WITH SCALES 
INDICATING THE POSITION AT WHICH A LIMIT 
CONTROL ELEMENT WILL BE OPERATED 

BACKGROUND OF THE INVENTION 

In a variety of system applications, it is necessary to 
move a particular machine element to positions between 
and including two extreme positions in response to an 
external command or demand. The device which per 
forms such an activity is generally known as an actua 
tor, and may produce either a linear or a rotary move 
ment. For example, electrically powered rotary actua 
tors are used to control dampers and valves in heating, 
ventilating and air conditioning systems. In such an 
application, proper positioning of air duct dampers and 
fuel valves allow the condition parameters of the air in 
a controlled space to be held to a preselected set of 
values. While the following descriptive matter is di 
rected for the most part to the angular or rotating type 
of actuator, the teachings can be applied with equal 
validity to linear actuators, and these types of actuators 
should be considered to be mere variations of the inven 
tion. 

It is usually necessary to provide some type of limit 
for the range of motion allowed so as to avoid damage 
to the controlled device or the actuator itself, or to 
provide some default position if power is either re 
moved from the actuator or set to some preset level. 
One means for accomplishing this limit control is to use 
for each direction of output element movement, a limit 
control element such as a switch typically mounted on 
the housing of the actuator, and through which power 
for the actuator passes. A switch actuation element 
which is carried by the output element and forms a 
feature on it, is positioned to reach and open the limit 
control element or switch when the output element 
reaches the extreme limit of its position. There are of 
course other means for controlling the range of motion, 
or stroke, for an actuator output element, but these are 
not the subject of this description. 
Normal system applications for these actuators fre 

quently requires that the stroke range be adjustable. For 
example, different types of valves and dampers may be 
driven by actuators of the same design, and either the 
design of the device driven or the specific application 
requires a different stroke range. An improper stroke 
range can cause a number of problems including inade 
quate operation of the controlled device, damage to the 
controlled device, or even potentially hazards to arise. 
To allow tailoring a particular design of actuator for use 
in a variety of specific devices and applications, they 
typically are designed with an adjustable stroke range 
for their output elements. Where the stroke range is 
controlled by limit switches this requires the ability to 
either adjust the position of each switch's switch actua 
tion element on, or relative to, the output element, or to 
adjust the position of the switch relative to the output 
element. This invention is further limited to the former 
situation where the feature on the output element which 
comprises the switch actuation element is shifted to 
adjust the stroke range. There are a number of ways in 
which the position of switch actuation elements can be 
changed on the actuator's output element. One of par 
ticular interest for the invention to be described has 
been in use for some time on certain types of actuators. 
In this design, there are two switch actuation elements, 
each of which carry a feature which moves with the 
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output element. These features are the parts of the 
switch actuation elements which actually open the 
switch upon the output element reaching the extreme of 
travel controlled by the switch. One of these features is 
fixed to the output element. The switch actuation ele 
ment carrying the other feature is movable with respect 
to the first feature and the output element. There is 
some mechanism which holds the second switch actua 
tion element fixed with respect to the first, but which 
can be disabled or overcome to allow adjustment of the 
second switch actuation element and its feature with 
respect to the first feature. A detent mechanism is pre 
ferred for this function. Such a mechanism opposes 
relative movement between the two features and allows 
an installer to move the second switch actuation ele 
ment and its feature with respect to the first by over 
coming the detent's force which holds the second mem 
ber at a desired position relative to the first member. 

In a further embodiment of these devices involving a 
rotary actuator, the switch actuation elements are 
mounted on a shaft serving as the output element and 
which is mounted for rotation within a housing and 
extending from it. The switch actuation elements are 
contained within the housing and are adjusted and 
viewed through an inspection port on a side or on the 
top of the housing. Normally the port is closed by fixing 
a cover over it to prevent contamination of the internal 
elements of the actuator. During installation of an actu 
ator, the cover is renoved and the movable switch 
actuation element is adjusted to set the range of motion 
for the output element. Because the port is relatively 
small and does not allow the installer a clear view of the 
features which actually operate the limit switches, it is 
difficult during installation to determine what is the 
exact angular position of the second feature with re 
spect to the first at any point in the adjustment process. 
The actual angular velocity of the output element when 
powered is in the range of a few tenths of a degree per 
second, so one can see that powering the actuator to 
move the element to the currently selected extreme 
position is a tedious way to make the adjustment since 
several excursions of the output element to the extreme 
position is often necessary. 
With this state of affairs, the installation of these actu 

ators is a slow and difficult procedure. Some indication 
of the relative position of the features on the switch 
actuation elements which open these limit switches 
would be very useful. 
BRIEF DESCRIPTION OF THE INVENTION 
My solution to this problem includes an output ele 

ment mounted for movement on a base or housing and 
supporting first and second members mounted on the 
output element for relative movement with respect to 
each other, each member carrying one of the features 
which when the members are properly mounted in an 
actuator, will operate a limit switch. The first member is 
fixed to the output element. For indicating the position 
of the feature on the first member relative to the feature 
on the second member structure is provided comprising 
on a surface on the first member a first scale formed of 
graduations marked with values incrementing in a first 
direction along the relative path of movement of the 
first member and having a fixed displacement from the 
first member's feature, and a scale-carrying surface on 
the second member adjacent to the scale-carrying sur 
face of the first member and sliding in an adjacent rela 
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tionship thereto as the members move relatively with 
respect to each other, and on the second member's 
scale-carrying surface a second scale similar to at least a 
portion of the first scale and substantially forming a 
mirror image of that portion of the first scale. The sec 
ond scale overlaps at least a portion of the first scale and 
has a fixed displacement from the second member's 
feature. The sum of the values of adjoining graduations 
on the first and second members is an indication of the 
relative displacement of the first member's feature from 
the second member's feature and this is true regardless 
of which pair of adjoining graduations is selected for 
summing so long as the graduations are equally spaced 
and the values marking the graduations on each scale 
increases linearly. If the values on the graduations of 
each scale are selected with the proper origin, the sum 
of adjoining values accurately indicates the range of 
motion specified by the position of the second member. 
One can thus see that if any of the overlapping por 

tions of the scales are visible through the inspection 
port, the actual position of the first member's feature 
relative to the second member's feature can be deter 
mined by simple addition. By extending the length of 
the scales sufficiently, one can be assured that the rela 
tive position can be determined regardless of the output 
element position. And with the arrangement of the 
scales and the increase in range of motion of the output 
element as the scales overlap more completely, one can 
further realize that there will always be overlapped 
lengths of the fixed scale visible through an inspection 
port which is properly located with respect to the range 
of motion of the output element. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a typical actuator in 

which the invention has been installed. 
FIG. 2 is a electrical and mechanical schematic of the 

invention. 
FIG. 3 is a diagrammatic representation of the opera 

tion of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows an actuator having a housing 10 in 
which is mounted the actuator's operating elements. An 
output shaft 11 serves as an output element for the actu 
ator. A drive motor 20 is shown in outline within hous 
ing 10, and is one of the type whose direction of rotation 
can be changed by applying power to one or the other 
of two pair of power terminals. Power is applied to the 
output shaft 11 from motor 20 through a gear train 21 
and shown with individual gears 21a, 2b, and 21c. 
Limit controls are carried on two individual disks 17 
and 18 mounted on the portion of the shaft internal to 
housing 10 and visible through adjustment port 15. 
Graduations with values marking them are shown on 
disks 17 and 18. 

In the sketch shown in FIG. 2, the important ele 
ments involving the invention are shown in the required 
mechanical relationship with each other. Of course, 
these elements are all normally carried by and mounted 
within the housing 10 of FIG. 1, except for the portion 
of shaft 11 which projects. Motor 20 is shown with a 
common power terminal 25 and counterclockwise and 
clockwise power terminals 24 and 26 respectively. 
Motor 20 drives shaft 11 through a gear train symbol 
ized by dashed line 21, counterclockwise when power is 
applied between terminals 24 and 25, and clockwise 
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4. 
when power is applied between terminals 26 and 25. 
There are circular disks 17 and 18 carried on shaft 11 
and rotating therewith. Disk 17 is fixed to shaft 11. Disk 
18 is rotatable with respect to shaft 11 and disk 17 when 
a lock is released or a detent mechanism (preferred) is 
overcome. Disk 17 carries a feature 36 which projects 
from disk 17. Disk 18 also carries a feature 37 projecting 
from it. 
Power to motor 20 for clockwise rotation of shaft 11 

(as viewed in FIGS. 1 and 2) flows through a contact 
pair 28 and 29 forming a control element which com 
prises a clockwise limit switch. Power for counter 
clockwise rotation flows through a counterclockwise 
limit switch forming a control element comprising 
contact pair 31 and 32. Contacts 29 and 32 are movable 
and physically located within housing 10 adjacent shaft 
11 in the path of movement of features 37 and 36 respec 
tively to allow features 37 and 36 to mechanically oper 
ate contacts 29 and 32 to open the limit switch of which 
they are a part when shaft 11 has rotated to the limit 
position for that end of the range. Motor terminal 24 is 
connected to contact 31 and motor terminal 26 is con 
nected to contact 28. A control unit 41 supplies power 
for counterclockwise rotation on conductor 34 to 
contact 32 and power for clockwise rotation on conduc 
tor 35 to contact 29. A position signal on path 43 speci 
fies the movement desired for shaft 11. 
The limits of the range of motion of shaft 11 result 

from the interaction of features 36 and 37 with the 
contacts 32 and 29 respectively. When feature 36 oper 
ates its contact 32, power to the counterclockwise ter 
minal 24 is interrupted and rotation of shaft 11 halts. 
Similarly when feature 37 operates its contact 29, power 
to terminal 26 is interrupted and rotation of shaft 11 is 
stopped. The clockwise limit of rotation can be changed 
by repositioning disk 18 on shaft 11. If disk 18 is ori 
ented to a more clockwise position relative to disk 17, 
the maximum limit on clockwise rotation is correspond 
ingly reduced. And of course, if disk 18 is oriented to a 
more counterclockwise position relative to disk 17, the 
maximum clockwise position increases. 
The structure explained above is well known. The 

problem which the invention solves arises when the 
stroke is under adjustment during installation of an 
actuator. It is difficult to determine the angular range of 
motion specified by the position of disk 18 for two rea 
sons. The position of feature 37 may not be discernable 
because of the angular orientation of shaft 11 and limits 
on vision imposed by the relatively small size of the 
inspection port. And even if feature 37 can be seen, it 
may not be easy to determine the entire range of motion 
specified by the features 36 and 37. 
To resolve this problem, there are provided a pair of 

adjacent surfaces 39 and 40 on disks 17 and 18 respec 
tively. On surface 39 there is permanently imprinted a 
first scale formed of graduations marked with values 
incrementing in the clockwise direction. On surface 40 
there is permanently imprinted a second scale formed of 
graduations marked with values incrementing in the 
counterclockwise direction. In any preferred embodi 
ment, the values marking the graduations on each scale 
increase linearly and the individual graduations of each 
scale are each spaced from their immediate neighbors 
by the same predetermined incremental amount or unit. 
The values are chosen so that the sum of a particular 
value on surface 39 and the directly adjacent value on 
surface 4.0 equals the currently selected range of mo 
tion, as measured in the units separating the graduations 
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on either of the scales. An obvious choice for the gradu 
ations is to mark them with values representing degrees. 
However, other values, like percentage of maximum 
stroke, may be more convenient in certain applications. 

In FIG. 3, there is a further representation of the 
operation of the invention. The aspects of FIG. 2 which 
are important in understanding the invention have been 
arranged in a linear format, preserving meanwhile the 
relationships between the elements and using the same 
reference numbers for similar elements in FIGS. 2 and 
3. Thus, disk 17 and surface 39 are shown carrying a 
linear scale with the feature 36 at its left end. One can 
think of this as the scale on surface 39 being laid out flat. 
Similarly, disk 18 and surface 40 are shown carrying a 
linear scale with feature 37 it its right end. Double 
ended arrow 51 indicates the directions of motion of 
disks 17 and 18. Contacts 29 and 32 are both shown 
symbolically as mounted for rotation on the housing 10. 
Mechanical springs 47 and 48 hold the limit switches 
comprising contacts 28, 29 and 31, 32 respectively in 
conduction unless the movable contact 29 or 32 are 
operated by the features 37 or 36, and the fixed ends of 
springs 47 and 48 are all shown symbolically as an 
chored on the housing 10. The position of contacts 29 
and 32 places them in the path of features 37 and 36 
respectively as disks 17 and 18 "rotate" clockwise and 
counterclockwise as shown in FIG. 3. When feature 36 
reaches the upper end of contact 32 during counter 
clockwise movement of disk 17, contact 32 is rotated 
counterclockwise slightly against the force of spring 48 
by feature 36 and conduction between contacts 31 and 
32 is broken. As was seen from FIG. 2, this removes 
power available on conductor 34 from motor 20 and 
rotation of shaft 11 ceases. When feature 37 reaches the 
lower end of contact 29 during clockwise movement of 
disk 18, contact 29 is rotated counterclockwise slightly 
against the force of spring 47 by feature 37 and conduc 
tion between contacts 28 and 29 is broken. As was seen 
from FIG. 2, this removes power available on conduc 
tor 35 from motor 20 and rotation of shaft 11 ceases. 

Disk 17 is fixed to shaft 11, as is shown in FIG. 2. 
Disks 17 and 18 each carry a detent pattern 57 and 58 
respectively which meshes to hold the disks 17 and 18 in 
the current position with respect to each other under 
the force of a compression spring shown symbolically 
as arrow 56. These detents 57 and 58 can be overcome 
by applying sufficient force to disk 18 to cause disk 18 to 
slip with respect to disk 17 and shaft 11 which carries it. 
Shaft 11 is not shown in FIG. 3, but is to be assumed to 
be attached to disk 17 and supporting it for rotation. In 
the usual situation, the spring shown symbolically as 
arrow 56 is provided to press disk 18 against disk 17 
sufficiently to prevent rotation of disk 18 with respect 
to disk 17 when feature 37 contacts and rotates contact 
29. 

Switch contacts 32 and 29 have been placed 240 units 
apart from each other in the representation of FIG.3 as 
indicated by the scale on the bottom thereof. The grad 
uations on the scales on surfaces 39 and 40 have been 
selected as having the same spacing as the units by 
which spacing between the switch contacts 29 and 32 
has been measured. It is convenient to refer to the Zero 
points 53 and 54 of the scales on surfaces 39 and 40 as 
being the respective scales' origins. The values marked 
on the scales increase linearly to the left, or counter 
clockwise for the fixed disk 17 and increase linearly to 
the right for movable disk 18. In the preferred embodi 
ment, the total distance from the origin of the scale on 
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6 
disk 17 to the related feature 36 plus the total distance 
from the origin of the scale on disk 18 to the feature 37, 
equals the total spacing between the contacts 32 and 29, 
all measured in the units in which the scales are gradu 
ated. Such a limitation results in the sum of the values 
for juxtaposed graduations on the scales of disks 17 and 
18 which equals the total length of the range of motion 
selected by the position of disk 18 relative to disk 17. 
Thus, by inspecting the overlapping parts of the scales 
carried on surfaces 39 and 40, and adding any pair of 
juxtaposed values from the two disks, the user can easily 
calculate the size of the currently selected range of 
motion. For the position shown for the disks 17 and 18 
in FIG. 3, the range of motion is instantly available as 80 
units. The units will typically be in degrees for a-rotary 
actuator of course. The position of the disks 17 and 18 as 
shown in FIG. 1 indicates a range of motion of about 
135 units. 
One can see that as long as any part of the overlapped 

sections of the scales on surfaces 39 and 40 are visible, 
the size of the currently selected range of motion can be 
easily determined. By extending the lengths of the sur 
faces 39 and/or 40 and the scales on them, one can 
assure that an overlapped portion of the scales will 
always be visible. Note that the origin need not be even 
present on either scale. It is necessary merely that the 
relationship between the features 36 and 37 on each 
scale, the correlations of values marked on the gradua 
tions with the respective origins, and the spacings be 
tween the movable contacts 29 and 32 accord with the 
above rules. 

If in FIG. 3 disk 18 is moved to the left relative to disk 
17 so that the origin of the scale on surface 40 is aligned 
with the graduation marked 100 on the scale of surface 
39, then the range of motion for shaft 11 becomes 100 
units, as can be easily confirmed by inspection. Accord 
ingly, the length of the range of motion of shaft 11 can 
be changed at will, and the size of the range of motion 
can be instantly determined. 

In the preceding discussion, the movable contact 
limited the extent of clockwise rotation. The reader 
should realize, however, that by replacing clockwise 
references with counterclockwise references in the dis 
cussion above, the invention may be as easily applied to 
an actuator whose movable contact limits the extent of 
counterclockwise rotation. Such a reversed relationship 
is considered by the inventor to be a part of his inven 
tion. 
On a further point, the disclosure above has been 

mainly in terms of a rotary actuator. However, the same 
concepts are equally applicable to linear actuators. In 
fact, this is hinted at strongly in the discussion and ex 
planation of FIG. 3. The reader should consider FIG. 3 
as being equally applicable to rotary and linear actua 
tors. Applicant wishes to include use of his invention on 
linear actuators as falling within the scope of the inven 
tion. 
One should also realize that the application of this 

invention is not limited to electrical actuators. Hydrau 
lic and pneumatic actuators may also use the concepts 
of this invention advantageously. In addition, the inven 
tion is not limited to actuators with bi-directional mo 
tors. It can just as well be applied to actuators using 
unidirectional prime moves (motors, etc.) upon which 
the adjustable limit would be applied. The actuator 
could then be driven in the opposite direction by other 
means such as a wound up spring or a weight or even 
the force against which the actuator is operating. A 
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mechanical stop would be necessary to limit motion 
when the actuator is driven by mechanical means oppo 
site the direction that an adjustable limit is applied. 
The preceding describes a preferred embodiment of 

my invention; what I wish to claim by Letters Patent is: 5 
1. In an apparatus including first and second members 

mounted on an output element for relative movement 
with respect to each other each of said members having 
a projecting feature structure for indicating the position 
of said feature on the first member relative to said fea 
ture on the second member comprising on a surface on 
the first member a first scale formed of graduations 
marked with values incrementing in a first direction 
along the relative path of movement of the first member 
and having a fixed displacement from the first member's 
feature, and a scale-carrying surface on the second 
member adjacent to the scale-carrying surface of the 
first member and moving in an adjacent relationship 
thereto as the members move relatively with respect to 
each other, and on the second member's scale-carrying 
surface a second scale similar to at least a portion of the 
first scale and substantially forming an inverse image of 
that portion of the first scale, said second scale overlap 
ping at least a portion of the first scale and having a 
fixed displacement from the second member's feature, 25 
whereby said features are used to limit movement of the 
output element. 

2. The apparatus of claim 1, wherein the values mark 
ing the graduations on each scale increase linearly. 

3. The apparatus of claim 2, wherein the individual 
graduations of the scale are each separated from their 
immediate neighbors by the same predetermined incre 
mental unit. 

4. The apparatus of claim 3 wherein the values mark 
ing the graduations on the first scale correspond to the 
actual displacement in scale incremental units separat 
ing the respective graduations on the first scale from the 
first feature. 

5. The apparatus of claim 4 wherein the values mark 
ing the graduations on the second scale correspond to 
the displacement in scale incremental units separating 
the respective graduations on the second scale from the 
second feature, whereby the sum of any value from the 
first scale and the adjacent value from the second scale 
substantially equals a predetermined number of scale 
incremental units less the displacement of the first fea 
ture from the second feature in terms of scale incremen 
tal units. 

6. The apparatus of claim 5, including means attached 
to the first and second members for opposing movement 
of the second member with respect to the first member. 

7. The apparatus of claim 6, wherein the movement 
opposing means comprises a detent mechanism con 
necting the first to the second member and mediating 
the relative movement between the first and second 
members. 

8. The apparatus of claim 5, wherein the first and 
second members are both mounted on a shaft for rota 
tion relative to each other. 

9. The apparatus of claim 1, wherein the first and 
second members are both mounted on a shaft for rota 
tion relative to each other. 

10. The apparatus of claim 1 adapted for use in an 
actuator for supplying power to a driven device, said 
actuator having a housing comprising the support in 
which the actuator elements and the first and second 
members are mounted, said housing having an inspec 
tion port through which the scale-carrying surfaces of 
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8 
the first and second members may be seen; an output 
element to which the first member is fixed and with 
respect to which the second member is movable, said 
output member projecting from the housing and mov 
able relative to the housing through a predetermined 
range, said first and second members moving with the 
output element; a motor mechanically connected to the 
output element for shifting the position of the output 
element within the predetermined range; a first control 
element mounted within the housing adjacent to the 
output element and in the path of movement of the 
feature of the first member and through which passes 
the power to the motor when driving the output ele 
ment in a first direction, said first control element me 
chanically interacting with the first member's feature 
to remove power from the motor when movement of 
the output element shifts the first member's feature to a 
preselected position relative to the first control element; 
and a second control element mounted within the hous 
ing adjacent to the output element and in the path of 
movement of the feature of the second member and 
through which passes the power to the motor when 
driving the output element in a second direction oppo 
site to the first direction, said second control element 
mechanically interacting with the second member's 
feature to remove power from the motor when move 
ment of the output element shifts the second member's 
feature to a preselected position relative to the second 
control element, whereby the position of the second 
member's feature relative to the first member's feature 
may be determined by visual reference through the 
inspection port to the scales carried on the members 
though at least a portion of the range of motion of the 
output element. 

11. The apparatus of claim 10, wherein the values 
marking the graduations on each scale increase linearly 
and wherein the individual graduations of each scale are 
each separated from their immediate neighbors by the 
same predetermined incremental unit. 

12. The apparatus of claim 11, wherein the scales 
carried by the first and second members comprise grad 
uations marked with values thereon for which the sum 
of aligned graduation values on the first and second 
scales provide a value indicative of the range of motion 
of the output element between the output element posi 
tions where the first and second member's features me 
chanically interact with the first and second control 
elements respectively to remove power from the motor. 

13. The apparatus of claim 10, wherein the scales 
carried by the first and second members comprise grad 
uations marked with values thereon for which the sum 
of aligned graduation values on the first and second 
scales provide a value equal to the range of motion of 
the output element between the output element posi 
tions where the first and second member's features me 
chanically interact with the first and second control 
elements respectively to remove power from the motor. 

14. The apparatus of claim 11, wherein the first and 
second members include a detent mechanism connect 
ing the first to the second member and opposing the 
relative movement between the first and second mem 
bers. 

15. The apparatus of claim 11, wherein each scale has 
an origin at its zero unit point, and wherein the spacing 
between the feature on the first member and the origin 
of the scale thereon, plus the spacing between the fea 
ture on the second member and the origin of the scale 
thereon, all measured in the scales' units, equals the 
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spacing between the control elements measured in the 
scales' units. 

16. The apparatus of claim 1, wherein the first mem 
ber is fixed on the support, and including means for 
holding the first and second members in a fixed position 
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10 
with respect to each other with movement of the sup 
port. 

17. The apparatus of claim 10, wherein the first mem 
ber is fixed on the output element, and including means 
for holding the first and second members in a fixed 
position with respect to each other with movement of 
the output element. 

s: 


